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Abstract 
The research was conducted to determine the bending capacity of high-strength reinforced concrete beams with the addition of 
three environmentally friendly synthetic fibers i.e., polypropylene fiber, tie wire fiber, and used rubber tires fiber. Four beams with 
a dimension of 15 x 30 x 220 cm were tested, including a beam for specimen without fiber as comparison. Specimens were designed 
to experience bending failure. Yield point of steel (fy) used for flexural and shear reinforcement was 407.43 MPa. The diameter of 
flexural tensile reinforcement was 15.8 mm, 11.9 mm for the compressive reinforcement, as well as 11.9 mm for the shear 
reinforcement. Concrete proportion incorporated 8% silica fume and 1.5% polycarboxylate ethers based superplasticizer 
ViscoCrete 10 from the cement weight. The maximum diameter of split was 15.9 mm, having 550 kg/m3 cement content and w/c-
ratio 0.30. The target compressive strength was 70 MPa for cylinder 15/30 cm. The results showed that all beams experienced 
flexural failure as planned. Addition of fibers enhanced the bending behavior significantly, especially in flexural capacity, 
deflection and ductility. In comparison with high-strength reinforced concrete beam without fibers, the beam with polypropylene 
fiber had the increase of flexural strength of 115.24%, deflection of 306.56% and ductility of 298.9%; with tie wire fibers resulted 
in the increase of flexural strength of 117.39%, deflection of 160.52% and ductility of 148.0%; as well as with used rubber tires 
fiber produced the enhance of flexural strength of 112.13%, deflection of 184.56% and ductility of 178.3%. It can be concluded 
that the use of such environmentally friendly synthetic fibers can reduce the brittleness of high strength concrete, in which 
polypropylene fiber had delivered the best value and can be used very effectively than the other two types of fibers. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
High strength concrete is a material made from a mixture of concrete (cement, aggregates, water) with the addition 
of additives/admixtures in order to get the higher strength. In addition, producing high-strength concrete needs more 
cement with a low water to binder ratio. For concrete, it is well known that the higher the strength the lower its ductility. 
In terms of mechanical properties, the ability of concrete to withstand tensile and shear stress in comparison with its 
ability to withstand compressive stress is very small, in the range between 8-15% of the compressive strength. The 
low tensile strength and high brittleness of high-strength concrete can be improved by adding fiber into the concrete. 
There are several types of fibers that can be used to improve the properties of concrete, either natural or synthetic 
fibers. The demand of efficiency is a dominant consideration in the application of high strength-concrete. In terms of 
price and high quality control, the cost in producing of high-strength concrete is indeed expensive, but, in terms of 
increased strength, structural dimension saving, and reinforcement saving will make high-strength concrete more 
efficient [1,2]. 
In high strength concrete, the resulting failure pattern is more brittle, having a longer linear behavior range, but its 
post-peak region is smaller, and the stress drop faster (snap back) as can be seen from its stress-strain relationship in 
Fig. 1. Addition of synthetic fibers i.e., polypropylene fiber, tie wire fiber, and used rubber tires fiber is expected to 
reduce the brittleness of high-strength concrete, which can bridge and curb the crack propagation in cement paste. 
Besides, fiber pullout from the cement matrix could increase the fracture toughness and enhance the fracture energy 
of high-strength concrete with the result that it becomes more ductile. Other advantages which could be contributed 
by adding such fibers in high-strength concrete are to improve the impact resistance and shrinkage resistance, as well 
as to increase the flexural and shear strength of the beam. 
One of the major parameter in determining the structural performance and ability is its ductility. Ductility is the 
ability of structure to deliver the post-yield deformation before collapse and may become the main parameter to control 
damage level. The behavior of brittle and ductile reinforced concrete member is shown in Fig 2. The structural element 
ductility (μ) can be calculated with the Equation (1), in which Δu is the ultimate strain of the flexural reinforcement 
and Δy is the yield strain of the reinforcement.    
μ = Δu / Δy (1) 
 
 Fig. 1 Stress-strain relationship under compression for high-strength 
concrete (HSC) and normal-strength concrete 
Fig. 2 Load – Displacement Diagram of Brittle and Ductile 
Reinforced Concrete Member 
 
Polypropylene fiber is one type of plastic that is most widely used as the fiber material in the concrete mix for 
many years, having a high tensile stress and modulus of elasticity [3]. These fibers are effective to reduce the crack 
formation due to plastic shrinkage and could restrain the crack propagation in the cement paste. The fibers pull out 
process could therefore increase the fracture toughness and supply higher fracture energy leading to increase the 
ductility of high-strength concrete. The polypropylene fiber used in this research had a diameter of 18 microns and a 
length of 12 mm, with the aspect ratio of 66.7. 
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Tie wire fiber is a soft steel fiber used for binding the reinforcement in reinforced concrete structure. In general, 
the fiber has a diameter of 0.75 mm with tensile strength of 38.5 N/mm2 and specific gravity of 6.68 gr/cm3 [1]. 
Research using this local fiber has been investigated by a variety of sources. The results show that tie wire fiber could 
improve the mechanical properties of concrete i.e., the shear strength, flexural strength, ductility as well as the 
resistance to impact and abrasion [4]. Such fiber could effectively delay the occurrence of microcracks in cement 
matrix. It is also reported that the use of steel fiber in concrete mixture with concentration of 2%, a diameter of 0.9 
mm and fiber length of 54 mm could increase the compressive strength in amount of 14.67%, the tensile splitting 
strength of 33.46% and flexural tensile strength of 48.06% in comparison with normal-strength concrete without fibers 
[5].  
Investigation on the punching shear of normal-strength and high-strength concrete slab using tie wire fiber with a 
dosage of 2% of concrete volume having aspect ratio l/d of 40 and straight shaped fiber geometry has been reported 
in [1]. In comparison with the plain slab without fiber, the results showed that addition of such fibers as micro shear 
reinforcement could enhance the punching shear capacity of normal-strength concrete slab in amount 9.53% for 10 
cm slab thickness; 10.02% for the 12 cm slab thickness, and for the high-strength concrete slab in amount 52.25% for 
the 10 cm slab thickness, as well as 55.07% for 12 cm slab thickness. Furthermore, an increase in ductility of normal-
strength concrete slab of 8.38% for 10 cm slab thickness, and 14.35% for the 12 cm slab thickness was obtainable. 
For high-strength concrete slab an increase of 32.24% for the 10 cm slab thickness, and 39.04% for the 12 cm slab 
thickness was gained. 
According to [6], the range of physical properties of the used rubber tire fiber which is utilized as synthetic fibers 
is the specific gravity from 1.02 to 1.27, the elasticity modulus from 180 Psi to 750 Psi, and the Poisson ratio of 0.5. 
Same with tie wire fiber, usage of this fiber may decrease the construction and environment waste. Based on research 
using tubeless rubber tire fiber in normal-strength concrete with dimension of 4 mm x 4 mm x 60 mm, it is concluded 
that the fiber could increase the flexural tensile strength of 24.08% and the deflection of 50.23% at the fiber optimum 
percentage of 0.75% from concrete volume [7]. 
The aim of this study was to analyze the flexural capacity of high-strength reinforced concrete beams using 
synthetic fibers, i.e., polypropylene fibers, tie wire fiber, as well as used rubber tires fibers. Flexural behavior of those 
added with synthetic fiber beams will be compared with the high-strength reinforced concrete beams without fibers. 
It is expected that this study will find the best type of fibers to improve the flexural strength of high-strength reinforced 
concrete beams.  
2. Experimental Program 
The high-strength reinforced concrete beams were cast with a water cement ratio of 0.3 consisting of Portland 
cement type I in amount of 550 kg/m3 concrete, silica fume 8% from cement weight and superplasticizer type 
ViscoCrete-10 with a dosage of 1.5% from cement weight. Fine aggregate used was river sand with a maximum 
diameter of 4.76 mm and coarse aggregate was crushing stone with a maximum diameter of 15.9 mm. Three type of 
synthetic fibers, i.e., polypropylene fiber with a dosage of 0.2% from concrete volume; tie wire fiber with percentage 
2% from concrete volume having a length 50mm and diameter 1mm; and used rubber tires fiber having a dimension 
of 4mm x 4mm x 60mm with a dosage of 0.75% from concrete volume were added into the concrete mixture. Bending 
behavior of the beams consisting of synthetic fibers was then compared with the plain beam without fiber. 
High-strength reinforced concrete beam was planned to fail in bending. The beams had a dimension of 150 × 300 
× 2200 mm which was reinforced with 4 D 15.8 mm for flexural tensile reinforcement; 2 D 11.9 mm for flexural 
compressive reinforcement; as well as D 11.9 mm – 80 mm for stirrups. The 28 days compressive strength was 64.43 
MPa and the yield strength of 11.9 mm reinforcement was 411.68 MPa and for 15.8 mm was 407.44 MPa. With such 
dimensions, material strengths, and reinforcements, the actual capacity ratio of shear to flexure is gained 2.03.   
Five LVDT (Linear Variable Displacement Transducer) were put at the beam to measure the deflection. Two strain 
gauges were installed on the reinforcements to measure the strain, each one at flexural tensile reinforcement and one 
at flexural compressive reinforcement. Furthermore, one strain gauge to record the concrete deformation was placed 
at the maximum bending region of the beam. The specimen setup is shown in Fig. 3. Specimen testing was carried out 
1124   Teuku Budi Aulia and Rinaldi /  Procedia Engineering  125 ( 2015 )  1121 – 1128 
at the age of 28 days with the observed parameter comprised the crack propagation including the load at first crack, 
maximum bending load, deflection and failure pattern of the beams. 
Testing of specimens was carried out by giving the load through a hydraulic jack connected to the load cell. The 
load was increased incrementally and continuously for every 100 kN until the specimens collapsed. Reading of 
deflections and strains of the specimens was recorded using the portable data logger TDS-032, while the occurring 
crack pattern was observed visually. 
 
Fig. 3  The Specimen Setup 
3. Experimental Results and Discussions 
3.1 Mechanical Properties of  High-Strength Concrete 
Based on the result of compressive strength on cylinder with a diameter of 15 cm and a length of 30 cm it is shown 
that high-strength concrete without fiber results in slightly higher compressive strength in comparison with the 
concrete containing fibers. High-strength concrete without fiber reached 64.43 MPa, while high-strength concrete 
added with polypropylene fiber resulted in 59.58 MPa, tie wire fiber 60.88 MPa, as well as used rubber tires fiber 
49.77 MPa, all tested at 28 days. Decrease in compressive strength caused by fact that those fibers create “the defect 
area” in the matrix of cement paste due to less specific gravity and density of fibers than the cement paste, so that the 
fibers will produce higher deformations under compression than the cement paste in the matrix of concrete.  
On the other hand, high modulus of elasticity and tensile strength of fibers will contribute to the increase of tensile 
strength and ductility of the high-strength concrete. It can be seen clearly from the flexural tensile strength of plain 
beam without reinforcement having dimension of 150 x 150 x 600 mm, in which the fibers could contribute a 
significant increase in concrete tensile strength in comparison with concrete without fiber. The highest tensile strength 
was obtained by high-strength concrete with tie wire fiber, i.e., 11.93 MPa, followed by polypropylene fiber 9.79 MPa 
and used rubber tires fiber 7.01 MPa, in comparison with tensile strength of high-strength concrete without fiber 6.34 
MPa. Here, the fibers could effectively bridge and restrain the crack propagation not to become more, wider and 
longer. Aside from that, fiber pullout process from the cement paste could supply higher fracture energy and increase 
the fracture toughness of concrete leading to ductility increase of high-strength concrete. The higher the tensile 
strength and modulus of elasticity of the fibers, the bigger the ductility contribution in concrete.   
3.2 Bending Testing of High-Strength Reinforced Concrete Beams 
1. Load and Deflection 
Comparison of the load and deflection graphs for all kinds of high-strength reinforced concrete beams carried out 
in this research is given in Fig. 4. Based on the graphs it can be seen that the beam without fiber has a maximum load 
of 17.65 ton resulting in a deflection of 10.36 mm. The beam with polypropylene fiber result in a maximum load of 
20.34 ton with a deflection of 31.76 mm. Furthermore, the beam containing tie wire fiber has a maximum load of 
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20.72 ton resulting in a deflection of 16.63 mm, as well as the high-strength reinforced concrete beam containing used 
rubber tires fiber has a maximum load of 19.79 ton corresponding to a deflection of 19.12 mm. 
According to the results, it can be concluded that the synthetic fibers used in this research result in the increase of 
bending capacity and deflection significantly. Increase in bending capacity is gained almost at the same amount, i.e., 
115.24% for the beam with polypropylene fiber, 117.39% for the beam containing tie wire fiber, and 112.13% for 
high-strength reinforced concrete beam added with used rubber tires fiber. Meanwhile, the highest enhance in 
deflection is shown by the beam containing polypropylene fiber, i.e., 306.56%. This is because the polypropylene 
fiber has a smaller diameter and higher fiber volume in concrete, so that fiber can be evenly distributed in concrete 
matrix, and can act as crack bridging anywhere in the matrix. 
2. Load and strain of flexural tensile reinforcement 
 Comparison of the load and strain relationships of flexural tensile reinforcement for all kinds of beams with and 
without fibers is shown in Fig. 5. Based on relationships between load and deformation in tensile reinforcement it can 
be seen that yield strain of flexural tensile reinforcement in amount of 220 μH was reached at different load. In the 
beam without fiber, this point was reached at load 6.61 ton, meanwhile in the beam with polypropylene fiber at 7.64 
ton, in the beam containing tie wire fiber at 8.93 ton, as well as in the beam added with used rubber tires fiber at a 
load of 6.82 ton. 
Based on the results, it can be seen that the synthetic fibers could delay the achievement of reinforcement yield 
strain at a higher load. The highest load resulting in reinforcement yield strain is given by the beam containing tie wire 
fiber, showing that this fiber could act as micro bending reinforcement. 
3. Load and strain of flexural compressive reinforcement 
Relationships between the load and strain of flexural compressive reinforcement for all kinds of beams with and 
without fibers are shown in Fig. 6. Based on relationships between load and deformation in compressive reinforcement 
it can be observed that high-strength reinforced concrete beams with and without fibers have a smaller strain of flexural 
compressive reinforcement and a lower load in comparison with the strain and load of flexural tensile reinforcement. 
This leads to the condition that reinforcement strain at the maximum load could not be recorded because the used 
strain gauges were broken off due to very high compression at the compressive zone of the beam. 
4. Load and strain of concrete 
Comparison of the load and strain of concrete relationships for all kinds of beams with and without fibers is shown 
in Fig. 7. Similar to relationships between load and deformation in flexural compressive reinforcement, the high-
strength reinforced beams produced a smaller strain of concrete and a lower load in comparison with the strain and 
load at their ultimate load. This leads to the condition that concrete strain at the maximum load could not be recorded 
because the used strain gauges were broken off due to very high compression at the compressive zone of the beam. 
The relationships between load and concrete strain are also almost similar for all kinds of beams. 
5. Ductility 
The ductility of reinforced concrete beam is calculated with Equation 1, resulting in 1.650 for the beam without 
fiber; 4.932 for the beam with polypropylene fiber; 2.442 for the beam containing tie wire fiber; as well as 2.942 for 
the beam with used rubber tires fiber. It can be obviously seen that the fibers could significantly enhance the ductility 
of high-strength reinforced concrete beams, with the highest increase is given by the beam containing polypropylene 
fiber (298.9%), followed by the beam added with used rubber tires fiber (178.3%) and the beam with tie wire fiber 
(148%) when compared with the beam without fiber. 
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Fig. 4  Load and Deflection for All High-Strength Reinforced 
Concrete Beams 
Fig. 5  Load and Strain of Flexural Tensile Reinforcement for All 
High-Strength Reinforced Concrete Beams 
 
Fig. 6  Load and Strain of Flexural Compressive Reinforcement for All 
High-Strength Reinforced Concrete Beams 
Fig. 7  Load and Strain of Concrete for All High-Strength Reinforced 
Concrete Beams 
6. Failure Pattern 
Failure pattern of each beam consisting of various fibers and without fiber, which was tested with bending load, 
can be seen in Fig. 8 until Fig. 11. Based on the pictures, all the occurring cracks are bending cracks as has been 
planned. It can be observed that at the beam without fiber, the amount of cracks is less and crack propagation has no 
branches which signifying brittle condition. On the other hand, at the beams containing fibers it can be seen that cracks 
propagation is more ductile with a higher deflection.  
At the compressed fiber of the beam occurred the concrete spalling which confirming the broken off of strain 
gauges which is installed on the flexural compressive reinforcement and on the concrete at the compressive zone. 
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Fig. 8 Crack Pattern of High-Strength Reinforced Concrete 
Beam without Fiber 
Fig. 9 Crack Pattern of High-Strength Reinforced Concrete 
Beam with Polypropylene Fiber 
Fig. 10 Crack Pattern of High-Strength Reinforced 
Concrete Beam with Tie Wire Fiber 
Fig. 11 Crack Pattern of High-Strength Reinforced 
Concrete Beam with Used Rubber Tire Fiber 
4. Conclusions 
1. The synthetic fibers used can significantly increase the bending capacity and improve the failure behavior of the 
high-strength reinforced concrete beams. 
2. The highest increase in flexural capacity of the beams is given by tie wire fiber which is mainly contributed by its 
higher modulus of elasticity and tensile strength in comparison with those of polypropylene and used rubber tire 
fibers. 
3. Addition of such synthetic fibers could significantly enhance the deflection of the beams which leading 
simultaneously to the increase of ductility of the high-strength reinforced concrete beams. The highest contribution 
in deflection and ductility is given by polypropylene fiber. 
4. The synthetic fibers could delay the achievement of reinforcement yield strains at a higher load, with the highest 
contribution is given by tie wire fiber, showing that this fiber could also act as micro reinforcement in the concrete 
matrix. 
5. Cracks propagation on the beams containing all synthetic fibers are more ductile having more cracks and crack 
branching. 
6. Related with good and advantageous contributions of such fibers to the flexural properties of high-strength 
reinforced concrete beam, the application of the used synthetic fibers, which is the environment waste, could 
contribute to the preservation of environment. 
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